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1. INTRODUCTION

An expeditious growth in population coupled with resource scarcity causes
malnutrition in many developing countries. Hence, supply of food and adequate
nutrition has a greater significance in these countries. So the quality and quantity of
food have become great issue at the global level. We can overcome this problem to a
certain limit by focusing on the underutilized crops like jack. Due to the limited
development of downstream product jackfruit remained as minor fruit in the domestic
market. The use of this nutritionally rich food we can meet the nutritional deficiency
in developing countries as well as cultivation of this crop provides a sustainable
environment through better soil management.

Jack fruit (Artocarpus heterophyllus Lam.) is a large sized tree bearing largest
fruit belonging to the family Moraceae. It is popular in several tropical and subtropical
countries. Ripe fruits contribute to the nutrition as a source of carbohydrates, minerals
and carotene, a precursor of vitamin A. In eastern and southern parts of India, tender
fruit is popular as vegetable.

Pulp can be used for the preparation of pickles, chips, papad etc. Jacalin is a
protein extracted from the fruit rind. Jack grows well in humid and warm climate of
hill slopes and in arid plains of south India, making it suitable for dry land
horticulture. The crop commonly found in southern states like Kerala, Tamil Nadu,
Karnataka, and Andhra Pradesh. Jack often referred to as miracle fruit because it has
the ability to withstand heat and it can also replace wheat and other staple food under
the threat of climate change. The tree mainly valued for its fruit and timber
(Shyamalamma et al., 2008).

Jack contains certain bioactive compounds which play an important role in
preventing certain diseases (Galaverna et al., 2008). The jackfruit seed contains 4.27%
ash, 6.73% protein, 73.34% starch, 0.80% fat and 1.6% fiber (Goswani et al., 2010).
Jack is rich in potassium with 303 mg per 100 g (Swami et al., 2012). The crop is
good source of pectin, which makes it ideal for preparation of processed products.
There are several factors responsible for low commercial utilization of jack including

limited availability of improved varieties, long gestation period for bearing



the fruits, difficulties in harvesting and less acceptance among the people.

Jack is mainly propagated through seeds, but the crop being cross pollinated and
highly heterozygous in nature, it shows variation for yield, size, shape, flesh colour,
quality of fruit etc. and also seedling takes longer period to bear fruits. Propagation
through grafting is highly desirable while number of plants produced through this
method is less (Dutton, 1976; Samaddar, 1990). Hence, another method is required
which is expected to solve above problems. Micropropagation can be used as an
alternative to overcome the limitations of conventional methods because it allow the
mass multiplication of uniform planting material within a short period of time under
controlled condition.

MS (Murashige and Skoog) medium is commonly used for the micropropagation
in jack. WPM (Woody Plant Medium) and Bs medium are also used for the in vitro
propagation of this woody perennial plant. MS medium contains almost all the
nutrients including minerals, vitamins, growth regulators required for the explant
establishment and shoot proliferation. MS medium provided with cytokinin in certain
concentration will give good shoot induction and proliferation. Half strength MS
medium with auxin (NAA and IBA) alone and in combination gives better rooting in
jack (El-Zaher, 2008).

Through in vitro propagation large amount of uniform, true to type, high quality,
disease free plants can be produced irrespective of the season and weather (Litz et al.,
1985; James, 1988; Martin et al., 2006).

Therefore, the present study entitled “Development of micropropagation protocol
for jackfruit (Artocarpus heterophyllus Lam.)” was undertaken with the following
objective

s To establish a micropropagation protocol for jackfruit (Artocarpus

heterophyllus Lam.) using shoot tip explants.
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2. REVIEW OF LITERATURE

Artocarpus heterophyllus Lam., commonly known as jackfruit is a tropical
climacteric fruit belonging to mulberry family Moraceae. It is native to Western Ghats
of India and commonly found in Asia, Africa, and some regions in South America. It
IS a rich source of carbohydrates, proteins, vitamins, minerals, fibre, calcium,
phosphorus, potassium, magnesium and phytochemicals (Prem et al., 2015). Jack is
also referred as poor man’s fruit because of its contribution to the food supply when
there was an adequate shortage of food grains (Singh et al., 1963).

It is commonly found in warm and moist regions. It is cross pollinated and
monoecious, producing male and female inflorescence on the same tree (Bose, 1985).
Fruits are produced on the tree trunk i.e. cauliflorous in nature. It is an evergreen
medium sized, latex producing tree grow up to a height of 8-25 m with a somatic
chromosome number of 2n = 4x = 56 (Prakash et al., 2009). It is designated as
national fruit of Bangladesh and Indonesia.

The jackfruit tree produces the world’s largest known edible fruit with an
individual fruit weight upto 50 Kg measuring upto 90 cm in length and 50 cm in
diameter and yields 20 to 250 fruits per tree per annum, sometimes reaching 500
fruits on a fully mature tree (Hag, 2006; Shyamalamma et al., 2008). It has a straight
rough stem and a green or black bark which has a thickness of around 1.25 cm,
exuding milky latex. Tree is well known for its fruit because of its taste, sweetness,
colour, texture, crispness, aroma along with unseasonal fruit bearing capacity and is
valued mainly for its timber, fuel, fodder, medicinal and industrial products (Hasan et
al., 2008).

In India the crop is grown in an area of 185 MHa, which accounts a production of
1830 MT (GOlI, 2018). West Bengal, Kerala, Tripura, Karnataka, Tamil Nadu, Goa,
Andhra Pradesh, Odisha, Bihar, Uttar Pradesh and Assam are the major states growing
jack fruit in India.

In Kerala, 91982 Ha area is under the cultivation of jack with an annual production
of 281 million fruits (DES GOK, 2016) and fruit is designated as official fruit of the

state. Even though widely grown in the country, it is not considered as a commercial



fruit crop. Long gestation period, limited choice of suitable varieties, availability of
limited planting material and variability in yield and quality are some of the
constraints in the cultivation of jackfruit (Nunjundaswamy and Mahadevi, 1993).
Introduction of high yielding jackfruit varieties adhering to a proper harvesting and
post harvesting practices can increase the utilization of jackfruit (Ranasinghe et al.,
2019).

The most common propagation method of jackfruit is by seed, but the crop being
cross pollinated and highly heterozygous, the plants raised from seeds are not true to
type. Furthermore, due to the recalcitrant nature of the seeds, its storage even for a
short time results in loss of viability and poor germination. The vegetative propagation
methods are generally tiresome, time consuming and seasonal with low multiplication
rate making it difficult for effective and commercial level propagation. Hence
micropropagation can be used to overcome the limitations of conventional vegetative
propagation.

Micropropagation can provide a method for the rapid mass multiplication of elite
and uniform plantlets within a short period of time from a single explant under
controlled environmental condition. This technique not only offer rapid mass
multiplication of stock plants but also for the conservation of rare plant species. This
approach is important for the production plants which are resistant to biotic and
abiotic stresses. Moreover, micro propagation can provide plantlets throughout the
year irrespective of seasonal variations and also this technology is being widely used
for plant improvement and for the production of secondary metabolites.

According to Beversdorf (1990), micropropagation is an in vitro regeneration of
plants from protoplast, cells, tissues and organ. Debergh and Read (1991) stated that it
is the true-to-type propagation of a selected genotype using in vitro culture techniques.

In this chapter, literature on effect of surface sterilization, source of explant,
effect of media on initiation, multiplication and rooting of jack, control of browning

and phenolic exudation are reviewed.

2.1 Effect of surface sterilization

Controlling fungal and bacterial contamination is difficult in woody plants



explants taken from field source. Hence, surface sterilization plays an important role
in minimizing this with minimal damage to plant cells.

A study conducted by Amany et al. (2007) on in vitro propagation of jack fruit
revealed that surface sterilization of jack explant with 3g/L of mercuric chloride
(HgCl,) for 1 minute and rinsing with sterilized distilled water three times followed by
with 40% Clorox solution containing one drop of Tween 20 per 100 ml of solution as
surfactant for 20 minutes is found to be effective for good explant survival.

Zamir et al. (2007) opined that, shoot tip collected from the selected plants of
guava sterilized with 0.05% mercuric chloride containing Tween 80 as surfactant
agitated for 5 minutes with a rotary shaker then immediately washed with sterile
distilled water for 3-4 times under laminar air flow cabinet, gave good survival rate.

El-Zaher (2008) conducted a work on micropropagation in jackfruit by using
apical growth without leaves and nodal segments as explants. These explants were
thoroughly washed under tap water followed by soap solution for 3 minutes and with
sterile distilled water for 5 minutes. Explants were soaked in antioxidant solution like
ascorbic acid 150 mg/l for 2 hours. These explants were soaked in surface sterilizants
like ethanol at 70% for 2 and 5 minutes, HgCl; at 0.1 for 10 minutes and 0.2% for 5
minutes and Chlorox at 10-20% for 10- 15 minutes. The results have shown that a
combination of 70% ethanol for 2 minutes with 0.2% HgCl, for 5 minutes and 15%
Clorox for 15 minutes is the best treatment in terms of good percentage of the survival
and aseptic explants.

Singh et al. (2010) claimed that sterilization of shoot tip and nodal bud of
pomegranate using sodium hypchlorite Clorox (NaOCIl) for 20 minutes gave good
explant survival.

Liu and yang (2012) carried out a work on clonal propagation of guava (Psidium
guajava). They used apical shoot having a length of 5-7 cm as explant and washed
with running tap water and sterilized with different sterilizants like 15% bleach for 20
minutes, PVP solution with 15% bleach and 15% bleach with PVP in the media. After
sterilization treatment explants were washed with sterile water for 5-6 times. Lowest
browning rate and maximum explant survival was noticed on last treatment i.e18.3

and 53.3 respectively. They reported that 15% bleach with PVP in the media was



the best surface sterilizant for guava explant.

In vitro propagation of mulberry, using 70% ethanol then with 20% Clorox
(sodium hypochlorite 5.25%) for dipping duration of 1 and 10 minutes gave the
highest survival percentage and lower contamination percentage (Attia et al., 2014).

In pomegranate, Kalalbandi et al. (2014) reported that maximum survival
(90.58%) and minimum microbial contamination (9.52%) was obtained by surface
sterilization with 0.1% mercuric chloride for 10 minutes.

Harb et al. (2015) used shoot tip segment as explant from 40-50 year old jackfruit
tree. They washed the explants under running tap water for 60 minutes for removing
dirt and dust adhered on it. The explants were surface sterilized with 70% alcohol and
washed with sterilised distilled water 3-4 times in a laminar air flow cabinet. Then
immersed in 2.5% sodium hypochlorite (NaOCI) with two drops of Tween 20 for 25
minutes. These surface sterilized explants were washed with sterile distilled water to
remove the remaining traces of disinfectant showed better survival rate.

Gayathri and Sathyanarayana (2015) observed that washing of shoot tip and nodal
segments of jack with running water and with double distilled water 3-4 times
followed by surface sterilization with a combination of bavistin (1000 mg), cetrimide
(500 mg) and streptomycin sulphate (100 mg) per liter of water for 90 minutes by
giving a continuous stirring then by surface sterilization with mercuric chloride
(HgCl, 0.1%) for 10 minutes gave best result by reducing the infection.

Ali et al. (2016) conducted a work on in vitro shoot multiplication of jackfruit,
observed that most effective sterilising procedure was 0.3% Cocide an antifungal
agent for 45 minutes and 70% ethanol for 2 minutes followed by washing with
distilled water then by 0.5% HgCI, for 5 minutes.

2.2 Explants

According to Pierik (1987), some factors affect the growth of explant in  vitro
which includes genotype, plant age, physiological state such as vegetative or
regenerative stage, age and stage of explants, position of explant within the plant,
general health of explant, size of the explant and method of inoculation etc. So these

factors are to be considered while selecting the explant for micropropagation.



2.2.1 Explants for micropropagation

According to Rajmohan and Mohanakumaran (1988) maximum response (17.4
shoots) was obtained from seedling explants followed by stem sprouts from five year
old trees i.e. 4.5 shoots. Explants excised from ten to thirty year old tree showed a
drastic reduction in response i.e. 2.80 and 2.09 shoots respectively.

In Ber, maximum number of shoots (15-20) was obtained from shoot tip followed
by coteledonary node (10-15), nodal section (8-10) and hypocotyl (6-8) (Mathur et al.,
1993).

Amany et al. (2007) reported highest survival percentage and growth rate in shoot
tips of 0.5-1 cm long explants of jack compared to the intermediate and basal nodal
cuttings with two nodes.

El-Zaher (2008) reported highest percentage of establishment in apical growth
without leaves having a length of 5-10 mm (16.66 per cent) followed by nodal
segments having 10-15 mm length (14.42 per cent) and least establishment was
obtained with coteledon segment (O per cent).

According to Azam and Rahmatullah (2009) highest survival rate was obtained
with 10-15 day old newly sprouted shoot tips from 10-12 year old jack tree.

Shoot tip explants of 5 cm long collected from jack in the March and cultured on
MS medium resulted in highest survival and bud induction (Ashrafuzzaman et al.,
2012).

Nikumbhe et al. (2013) tested influence of different types of explants of pineapple
such as crown apical section, slips apical section and shoot tip of suckers on
establishment of aseptic culture. They found that slips of apical section had highest
aseptic culture (78.13 per cent) followed by crowns apical section (69.64 per cent),
and shoot tip of suckers (52.59 per cent).

According to Pant and Kabade (2014) maximum bud induction in Lakoocha were
obtained within 7.33 days by using nodal explant with axillary bud as explant.

Harb et al. (2015) studied the influence of seasonal variation in bud break in in
vitro propagation of jack fruit. They reported maximum survival per cent (100) in
shoot tips and nodal segments collected in winter with minimum browning compared

to those collected in spring, summer, and autumn.



Gayathri and Sathyanarayana (2015) used shoot tip and nodal segments as
explants. They reported highest percentage of shoot establishment of 75 per cent with
8 per cent fungal contamination and 17 per cent bacterial contamination with shoot
tip collected in January, and also nodal segments collected in the same month had
shown highest survival of 50 per cent with 20 and 30 per cent fungal and bacterial
contamination respectively.

Shatnawi et al. (2019), reported shoot tip explants of 3-5 mm in length from 10
year old trees of fig gave better bud induction than nodal segments.

2.3 Effect of media growth regulators on establishment, multiplication and
rooting

Roy et al. (1993) described a method for propagation of flood tolerant jack fruit
by in vitro culture. Better shoot bud formation was obtained with a combination of BA
and NAA in MS medium which was 8.88 uM and 2.68 uM respectively. Eighty per
cent rooting occurred on half strength MS salts with 5.37 uM NAA and 4.92 uM IBA.

Roy and Roy (1996) successfully induced shoot and root organogenesis from
shoot bud explant of jack. The shoot bud induction was maximum on MS medium
added with 2.5mg/L BA and 0.5mg/L NAA. They also claimed that lowering the
concentration of BA and NAA to 1.25mg/L and 0.25mg/L and addition of 15 per cent
coconut milk enhanced the number of shoots to 40. Rooting was achieved with the
addition of Img/L NAA and IBA to the half strength MS medium.
Lee and Keng (2005) developed a rapid clonal propagation method in jack through in
vitro shoot proliferation from apical shoot of 12 year old tree. Maximum shoot
formation was recorded on MS medium supplemented with 4.5 mg/L BA within three
to four weeks of culture. Rooting occurred on half strength MS medium supplemented
with a combination of 0.5 mg/L NAA and IBA and provided with a darkness for ten
days later exposed to a light for 3 weeks resulted in normal healthy and long roots.

Mannan et al. (2006) carried out a study to know the effect of time of the year and
growth regulators on in vitro propagation of jackfruit. They used shoot tips from fresh
sprouts on the trunk of mature jackfruit tree as explant. These were collected in three

seasons (September, October, January) and cultured on MS medium with growth



regulators. Maximum survival rate and response to proliferation were obtained from
explants collected in January (95.56 per cent) than other two season. Medium fortified
with 1 and 1.5mg/L BA showed 100 per cent bud proliferation. Highest rate of
multiplication (2.33) and longest shoot (1.45) were achieved by subculturing the shoot
tip on MS medium with 0.5mg/L NAA and 1.5mg/L BA.

According to Amany et al. (2007) jackfruit explants such as shoot tips,
intermediate and basal nodes cultured on MS medium fortified with 3.0 mg/L BA and
0.1 mg NAA produced the highest number of shoots, leaves/explant and shoot length.
MS medium was the best medium in term of average number of shoots, as it recorded
the highest number of shoots /explant (27.33) followed by Bs medium (18.58). More
number of roots was obtained on half strength MS medium supplemented with 1.50
mg/L IBA. They incubated all the culture jar at 27 + 2°C under fluorescent light with
intensity of 2000 lux for 16 hrs/day.

Tuia and Taylor (2007) cultured juvenile explants of bread fruit obtained from
trimmed root suckers on woody plant medium and MS medium. They found that MS
medium with 2.5 mg/L BA produced six buds per explant compared to four buds per
explant obtained in woody plant medium. They also found that shoot cultured on
WPM achieved 76 per cent root growth with 2.7 cm root length.

Azam and Rahmatullah (2009) studied micropropagation of a year round fruiting
variety of jack in Bangladesh. Shoot tip and nodal segments were excised from fruit
bearing trees used as explant and were cultured on MS medium supplemented with
various growth regulators. They found that medium with 3.5 mg/L BA induced more
sprouting and regeneration of shoots. Highest multiplication rate was achieved with
shoot tips in the presence of 3.5 mg/L BA and 1.5 mg/L Kinetin. They also observed
that presence of 0.1 mg/L indole-3-acetic acid (IAA) and 20 per cent coconut water
considerably increased shoot elongation and growth of the shoots. The excised shoot
rooted well (80% rooting) on half MS medium with 1.2 mg/L IBA (indole-3-butyric
acid).

Khan et al. (2010) described a method for micropropagation of jack fruit for shoot
and root proliferation by using 2-3 cm long shoot tip and nodal segments as explants.

Maximum number of shoots (4.66) was achieved in MS medium fortified with 1.5



mg/L BAP followed by 2.0 mg/L BA (2.66 shoots). Highest per cent (80) of rooting
occurred when shootlets were cultured on MS medium with 3.0 mg/L IBA followed
by 2.0 mg/L which resulted in 70 per cent rooting.

Shoot bud culture in Lakoocha Roxb was studied by Pant and Kabeda (2014).
They claimed that nodal explant with an axillary bud when used as explant showed in
vitro bud induction within 7.33 days on MS medium fortified with 13.33 BA, 2.28
IAA and GA; 0.57 puM. The best response of shoot multiplication (6.66 shoots/
explant) was recorded on medium containing 13.33 BA and IAA 1.14 pM. The
highest rooting of the shoot was achieved on half strength MS medium supplemented
with IBA 9.85, BAP 0.89 uM and activated charcoal 500 mg/L i.e. 88.16 per cent
rooting.

In jack, shoot and root organogenesis was studied by Harb et al. (2015). They

reported maximum multiple shoot of 6.6 produced on MS medium supplemented with
2.0 mg/L BA and 0.5 mg/L Kn. Highest shoot length of 5.14 was obtained on
medium containing 3.0 mg/L gibberellic acid (GAs). Highest rooting percentage
(80%), average number of roots/explant (4.3) and average root length (4.0 cm) were
noticed on medium containing 1.0 mg/l of both IBA and NAA.
Miro and Acedo (2015) developed a protocol for in vitro regeneration of plants via
shoot tip and nodal segments from fruiting plants and grafted trees of jack. High
survival rate was obtained with shoot tip from grafted plants than the mature trees, at
the same time phenolic exudation caused tissue browning. MS medium with 3 mg/L
BA, 0.5 mg/L GAs, 0.1 mg/L IBA resulted 2-3 multiple shoot per explant and better
growth than MS alone or with 5 mg/L BAP. They found that browning was the major
problem which was not minimized by carbon containing medium as well as with
frequent subculturing and shoots did not produce roots.

Various explants viz., shoot tip, single nodal segment, double nodal segment,
lateral shoot bud and leaf petiole of jamun (Syzygium cuminii L.) cv. AJG-85 were
used as source of explant and shoot tip was found best for establishment of aseptic
culture. Higher number of shoots per explants, length of shoots and number of leaves
per shoot were achieved on half strength WPM. Better shoot length, number of leaves

and number of adventitious buds per explants were attained on 2 mg/L BAP and 0.1
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mg/L NAA. GA; at 2 mg/L showed better response in terms of shoot length and
number of leaves per shoot. Highest degree of rooting in terms of number of roots,
root length and number of roots were obtained on medium with 2 mg/L IBA
(Prabhuling et al., 2017).

Micropropagation studies in fig were carried out from shoot tip explants by
Shatnawi et al. (2019) to develop a protocol for micropropagation of true to type
plants. Half strength MS medium with 30 g/L sucrose showed better induction. The
incorporation of 0.4 mg/L BAP in combination with 0.2 mg/L IBA favoured
maximum multiplication rate of 4.2 shoots per explant. Rooting of the shoots were

achieved on same medium fortified with 1.5 mg/L IBA.

2.4 Browning and phenol exudation
Browning of explant and culture medium were the major problem in the establishment
of in vitro culture due to phenolic substances and secondary metabolites from cut
surfaces which blocks the uptake of nutrients. These problems can be overcome by the
adopting certain techniques like transfer of explants in fresh medium at short intervals,
place the culture in dark, use of activated charcoal (AC), polyvinyl pyrrolidone (PVP),
the addition of antioxidants to culture medium etc.
In jackfruit, Rajmohan and Mohanakumaran (1988) reported use of 1 per cent
activated charcoal and GAz 1mg/L in the establishment medium, insoluble PVP in the
proliferation medium and frequent subculturing minimized the problem of phenolic
interference. MS medium supplemented with of 1 per cent activated charcoal and GA3
Img/L recorded highest survival rate and produced healthy cultures.

Kumar & Tiwari (2001) described that use of absorbing agents such as activated
charcoal, polyvinylpyrrolidone (PVP) resulted reduction in phenolic exudation.

Antioxidant solutions like citric acid (75 mg/l) and ascorbic acid (50 mg/l) were
effective in controlling phenolic exudation in guava (Meghwal et al., 2003).

Murkute et al. (2004) suggested rapid subculturing control the medium browning
in pomegranate.

In apple, release of phenolic compounds from the shoots minimized by use of
dark treatment for few days (Dalal, 2006).
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Nishchal et al. (2018) concluded that among the various antioxidants like citric
acid, ascorbic acid, activated charcoal and PVP used ascorbic acid 300mg/L resulted

minimum phenolic exudation and maximum shoot regeneration.
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3. MATERIALS AND METHOD
The present investigation on “Development of micropropagation protocol for
jackfruit (Artocarpus heterophyllus Lam.)” was carried out in the plant tissue culture
laboratory of Regional Agricultural Research Station (RARS, North zone), Pilicode,
Kasargod (Dt.) during the year 2018-2020.

3.1 Experimental site
Al the three experiments were conducted at RARS, Pilicode, located at 12°12'N

latitude and 75°10’E longitude and at an altitude of 15m above mean sea level.

3.2 Agroclimatic condition

Regional Agricultural Research Station, Pilicode, Kasaragod, experiences a
humid climate and comes under tropical humid region. Research station belongs to
NARP Northern zone of the state of Kerala and AZ 109" climatic zone of the

country.

3.3 Experimental material
3.3.1 Source of explant

An experiment was conducted by Nimisha (2016) on jackfruit types in
Kasaragod district through survey and identification, and had shortlisted certain
promising types such as early bearing, seedless, gumless and cluster bearing. Later
in 2018, Ajeesh had carried out a field evaluation study on 10 promising jackfruit
types in Kasaragod district. The maximum number of fruits per cluster was observed
in KJ 182 (cluster type) with 8 fruits/cluster and the fruits matured one after another,
which ensured a long harvesting period in clustered jack types, in addition it has
high TSS (total soluble solids) content (31.47°B). So, multiplication of this tree is
essential, for this shoot tip of cluster jack is used as explant for rapid multiplication
(Plate 1, 2). The tree is located at Chirapuram near Nileshwar, Kasaragod district.
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3.4. Effect of different media for the establishment of jackfruit explant
Design of experiment: CRD
Replications: 4
Treatments: 5

T1: MS medium

T,: Y2 MS medium

T3: Modified MS medium

T4: Woody plant medium (WPM)

Ts: Gamborg B, medium

2 mg/L BA is added to each treatment. Modified MS medium was prepared

by halving the concentration of macro elements while retaining the other
concentration same as MS medium.
3.4.1 Basal Media
3.4.1.1 Composition of media and its stock solutions

MS medium, half MS medium, modified MS medium, Woody plant medium,
Gamborg Bs medium were used for the study. Chemical composition of these media
are given in annexure 1.

Stock solutions of macro nutrients (stock A), micro nutrients (stock B), various
vitamins (stock C), iron EDTA solution (stock D) and growth regulators required for
these five media were prepared separately by dissolving specific quantity of each
chemical in little quantity of double distilled water and make up to required volume
with double distilled water.
3.4.1.2 Preparation of media

Required quantities of stock solutions of major salts, minor salts, vitamins, and
iron EDTA solution of the five media were added to each beaker. 0.1 g myoinositol,
30 g sucrose were added to the five beakers and dissolved. 2 mg/L BA was pipetted
out in these five treatments. The volume made up to one litre by using double distilled
water and for the first three treatments pH of the media was adjusted to 5.69 and for
rest of the two treatments, to 5.75, by using 1 N HCI or 1 N NaOH. Each medium was
boiled and 6 g agar was added to the boiling medium and stirred well to get a

homogenise medium. The hot medium was poured to the culture bottles at the
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Plate 2: Shoot tip explant for inoculation



rate of 25-30ml/ bottle. Then bottles were sealed with cap and autoclaved at 15 psi
pressure and 121°C temperature for 20 minutes. After sterilization, the medium were
cooled at room temperature in a clean dry area.
3.4.2 Culture condition

Cultures were incubated under fluorescent light (2000 lux) at 25°C = 3 with a
16-hour photoperiod.
3.4.3 Collection of explants

Shoot tip from current season growth of mature tree of KJ- 182 (Chirapuram
cluster) jack located at Chirapuram in Kasargod district was used as explant.
3.4.4 Excision and surface sterilization of explants

Shoot tip along with leaves collected from jack were used as explant. After
removing the leaves shoot tips were cut into 5 cm long pieces and dipped in sterilized
distilled water along with detergent solution. And kept for 10 minutes. After that,
explants were washed with sterilized distilled water for two-three times and then
were treated with SAAF (1 g SAAF in 200 ml water) for one hour (Plate 3a). Then
the explants were washed with sterilized distilled water for five to six times and the
cleaned explants were taken to laminar air flow chamber for further treatment. In
laminar air flow chamber, all the explants were surface sterilized with mercuric
chloride (0.8 g mercuric chloride in 1000 ml distilled water) (Plate 3b). Duration of
the treatment was 10 minutes and they were rinsed with sterile distilled water for five
to six times to remove the traces of HgCl..
3.4.5 Inoculation of explants

The explants were cut into appropriate size (3 cm) aseptically for inoculation.
Explants which were surface sterilized and aseptically excised were placed on each
medium with the help of sterile forceps under sterilized laminar air flow chamber. 25
explants were inoculated for each treatment. During inoculation of the explants care
was taken to keep them in proper position.
3.4.6 Observations

The important biometric observations were the following.
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3.4.6.1 Number of days to shoot emergence

Number of days taken by each explant for shoot initiation was counted from the
date of inoculation to shoot emergence.
3.4.6.2 Number days for shoot multiplication and branching

Number of days taken to shoot multiplication and branching were counted from
the day of inoculation for shoot multiplication and branching.
3.4.6.3 Number of shoot/ explant

Number of shoots developed from each explant were counted separately after
four weeks from the day of inoculation.
3.4.6.4 Shoot length (cm)

After four weeks of inoculation the bottle containing shoots were taken out under
a laminar air flow chamber and length of shoot was measured from base to tip of the
shoot with the help of a sterilized scale. Length of shoot was recorded in centimetre.
For every replication 3 shoots were measured.
3.4.6.5 Number of leaves/ shoot

Leaves from three selected shoots from each treatment were recorded

separately.

3.5 Shoot multiplication
3.5.1 Effect of different concentrations of growth regulator BA with best
medium from the 1st experiment, for shoot multiplication.
Design of experiment: CRD
Replications: 4
Treatments : 5

Ti: Selected basal medium

T2: Best medium from the 1st experiment

Ts: T+ 1 mg/L BA

Ta: T2 +2 mg/L BA

Ts: T+ 3 mg/L BA
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Plate 3a: Explant treated with SAAF Plate 3b: Explant treated with HgCl,



Results obtained from these treatments as per technical programme were not
satisfactory hence, another combination of growth regulators were tried for shoot
multiplication. It showed better response in all the growth parameters compared to
previous one.

3.5.2 Effect of different concentrations of growth regulator BA and Gibberelic
acid (GA3) with best medium from the 1st experiment, for shoot multiplication.
Different concentrations of BA in combination with 0.35 mg/L GA3 were used in

this experiment. MS medium was used for shoot multiplication.
Design of experiment: CRD
Replications: 3
Treatments : 8

T1: MS medium + 1 mg/L BA + 0.35 mg/L GA;

T,: MS medium + 1.5 mg/L BA + 0.35 mg/L GA;

T3: MS medium + 2 mg/L BA + 0.35 mg/L GA;

T4: MS medium + 2.5 mg/L BA + 0.35 mg/L GA;

Ts: MS medium + 3 mg/L BA + 0.35 mg/L GA;

Te: MS medium + 3.5 mg/L BA + 0.35 mg/L GA;

T7: MS medium + 4 mg/L BA + 0.35 mg/L GA;

Tg: MS medium + 4.5 mg/L BA + 0.35 mg/L GA;
3.5.3 Subculturing

After 28 days of inoculation the shoots developed were taken out from the

culture bottle inside laminar air flow chamber, under aseptic condition. Shoots with
excess growth of callus were subcultured after removal of callus and dead region
using a sterilized blade and then multiple shoots were separated and transferred to the
culture bottles with various treatments. Three shoots were placed in each culture
bottle and 25 bottles were used for each treatment. Bottles were placed on rack and

subsequent sub culturing was done at 21 days intervals.
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3.5.4 Observations recorded
3.5.4.1 Number of days to shoot emergence

Number of days taken by the plantlet for shoot emergence was counted from the
day of sub culturing and separately for each treatment.
3.5.4.2 Number of shoot/ explant

Number of multiple shoots were recorded and expressed as number of shoots per
explant.
3.5.4.3 Shoot length (cm)

Plantlets were taken from the bottle and cleaned by removing the callus growth
and shoot length was measured with the help of a sterilized scale. Shoot length was
measured from base of the plant to shoot tip inside a laminar air flow chamber and
expressed in centi meter.
3.5.4.4 Number of leaves/ shoot

Leaves were formed recorded separately for each treatment.

3.6 Effect of different concentrations of growth regulators and its combinations
on rooting.
3.6.1 NAA and IBA
Design of experiment: CRD
Replications:3
Treatments : 9
Ti: V4 strength of selected basal medium
Ta2: Ti + 1 mg/L NAA
Ts: Ti + 3 mg/L NAA
Ta: Ti + 0.5 mg/L IBA
Ts: Ti + 1 mg/L IBA
Tes: T: + 1 mg/L NAA + 0.5 mg/L IBA
T7: Ti+1 mg/L NAA + 1 mg/L IBA
Ts: T1 + 3 mg/L NAA + 0.5 mg/L IBA
To: T: + 3 mg/L NAA + 1 mg/L IBA
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Apart from the treatment combination as per technical programme another
combinations of growth regulator were tried for rooting.
3.6.2 NAA, IBA, BA and GA;
Design of experiment: CRD
Replications:3
Treatment: 8
Ti: MS + 2.5 mg/L BA + 0.35 mg/L GAz+ 1 mg/L NAA
T2: MS + 2.5 mg/L BA + 0.35 mg/L GA3s+ 3 mg/L NAA
Ts: MS + 2.5 mg/L BA + 0.35 mg/L GA3+ 0.5 mg/L IBA
Ta: MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 1 mg/L IBA
Ts: MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 1 mg/L NAA + 0.5 mg/L IBA
Ts: MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 1 mg/L NAA + 1 mg/L IBA
T MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 3 mg/L NAA + 0.5 mg/L IBA
Ts: MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 3 mg/L NAA + 1 mg/L IBA

After 7-8 subculturing, the shoots were transferred to rooting medium with
various growth regulators alone and its combination. After taking the shoots from
culture bottle, callus growth was removed and placed on the medium which
containing charcoal (0.45g) and various combinations of growth regulators then

culture was maintained for three months for rooting.

3.6.3 Observation

3.6.3.1 Number of days to root emergence
3.6.3.2 Number of roots/ shoot

3.6.3.3 Root length (cm) / shoot

3.6.3.4 Number of secondary roots
3.7 Statistical analysis

The observations recorded were subjected to statistical analysis using WASP 2.0
software prepared by ICAR Research Complex for GOA and OPSTAT.
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Results



4. RESULTS

The present study entitled “Development of micropropagation protocol for
jackfruit (Artocarpus heterophyllus Lam.)” was carried out at RARS Pilicode,
Kasaragod during 2018-2020. In this study shoot tip of KJ 182 (cluster type) jack a
promising jack type surveyed and identified from Kasaragod by Nimisha (2016) and
further evaluated by Ajeesh (2018) was used. The study results are detailed in this
chapter.
4.1 Effect of different media for the establishment of jackfruit explant

In this experiment five media were used as treatment which includes MS medium,
Y% MS medium, Modified MS medium, Woody plant medium and Gamborge Bs
medium and all these media were supplemented with 2 mg/L BA (Plate 4). This
experiment was conducted with an objective to find best basal medium for the
establishment. The results of various observations are mentioned below (Table 1).
4.1.1 Number of days to shoot emergence

Number of days to shoot emergence varied from 13.16 to 16.08. Minimum days
(13.16) were recorded by T, followed by T3 (13.99), which were found to be on par.
T, recorded maximum days for shoot emergence (16.08). All other treatments took
intermediate number of days for shoot emergence.
4.1.2 Number of days for shoot multiplication and branching

From Table 1 it is evident that, the number of days for shoot multiplication and
branching was found significantly different among the media. Among the different
treatment, minimum days for shoot multiplication and branching (15.83) was noticed
on T; which was on par with T3. Maximum number for shoot multiplication and
branching was observed in T4 (18.66) followed by Ts (18.58).

4.1.3 Number of shoot/ explant
Data presented in Table 1 indicated that the number of shoot per explant varied

significantly among media. Highest number of shoot per explant (1.83) was observed
in T, followed by T3 (1.41). The lowest number of shoot per explant (1.00) was found
in T, followed by T, and Ts (1.16).
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Table 1: Effect treatments on culture establishment of jackfruit explant

Sl. | Treatments | No. of days No. of days for No. of Shoot No. of
no to shoot shoot shoot/ length leaves/shoot
emergence | multiplication and | explant (cm)
branching
1 T, 13.16° 15.83° 1.83% 1.13° 1.66°
2 T, 14.41™ 17.33" 1.16° 0.95" 1.08°
3 Ts 13.99° 16.08° 1.41° 0.90° 0.74>
4 Ty 16.08° 19.66% 1.00° 0.76° 0.33°
5 Ts 15.41% 19.58° 1.16° 0.82 1.00°
SE(xm) 0.41 0.40 0.15 0.05 0.14
C.D. at5 % level 1.25 1.20 0.47 0.17 0.44
T1: MS medium

T,: Y2 MS medium

T3: Modified MS medium

T4 Woody plant medium

» Ts: Gamborge Bs medium

Note : 2 mg/L BA is added to each treatment

Modified MS medium — Concentration of macro elements were made into half.
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Plate 4: Effect of treatments on culture establishment in jackfruit explant

YV V V V VY

T1: MS medium with 2 mg/L BA

T,: %2 MS medium with 2 mg/L BA

T3: Modified MS medium with 2 mg/L BA
T4: Woody plant medium with 2 mg/L BA
Ts: Gamborge Bs medium with 2 mg/L BA




4.1.4 Shoot length (cm)

The mean length of shoot varied from 0.76 to 1.13 cm. Maximum shoot length
was observed in T; (1.13) followed by T, (0.95). The minimum length of shoot was
recorded in T4 (0.76) followed by Ts (0.82).

4.1.5 Number of leaves/shoot

Data given in this Table 1 regarding number of leaves per shoot revealed that,
there was a significant difference among the media with respect to number of leaves
per shoot. T; (1.66) recorded maximum number of leaves followed by T, (1.08) which
was on par with Ts (1.00). Minimum number of leaves recorded in T4 (0.33) followed
by T3 (0.74).

4.2 Shoot multiplication
4.2.1 Effect of different concentrations of growth regulator BA with best
medium from the 1st experiment, for shoot multiplication.

From the first experiment it was clear that among the basal media MS medium
with 2mg/L BA was the best with respect to certain characters (it took minimum days
for shoot emergence, multiplication and branching, produced highest number of shoot/
explant, shoot length and number of leaves/ explant), hence this medium was selected
for multiplication stage.
4.2.1.1 Number of days to shoot emergence

The result regarding the responsiveness of growth regulator to no. of days to
shoot emergence presented in Table 2. It is evident from the table that, a minimum of
13 days was taken by T3 for shoot emergence followed by T,. While T; took more
number of days for shoot emergence (16.83) (Plate 5a).
4.2.1.2 Number of shoots/ explant

No. of shoots/ explant ranged from 1.00 to 1.99. Significantly maximum no. of
shoots/ explant (1.99) was noticed in T3, The minimum no. of shoots/ explant was

observed in T,
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Table 2: Effect of treatments on shoot emergence, no. of shoot, shoot length and

no. of leaves/ shoot

Slno. | Treatments No. of days to shoot | No. of shoots/ | Shoot length | No. of leaves/
emergence explant (cm) shoot
1 T, 16.83" 1.00° 0.76° 1.08°
2 T, 13.16™ 1.83° 1.13° 1.62°
3 Ts 13.00° 1.99° 1.00® 1.66°
4 T, 13.33" 1.66® 0.90° 1.33®
5 Ts 14.33° 1.22" 0.89 1.33®
SE(xm) 0.41 0.18 0.07 0.13
C.D. at5 % level 1.26 0.57 0.22 0.41

Ti: Selected basal medium
T2: Best medium from the 1st experiment
Ts: T2+ 1 mg/L BA
Ta: T2 + 2 mg/L BA
Ts: T2+ 3 mg/L BA

4.2.1.3 Shoot length (cm)
The shoot length varied from 0.76 to 1.13 cm. significantly maximum response to

shoot elongation was noticed in the treatment T, followed by T;. The treatments Ts

and T, were at par. Significantly minimum response to shoot length was recorded in

the treatment T4

4.2.1.4 Number of leaves/ shoot

Among the various concentration of growth regulator tried, the treatment Tj

produced maximum leaves(1.66) which was at par with T, (1.62). The minimum

number of leaves per shoot (1.08) was recorded by T.
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Plate 5a: Effect of treatments on culture establishment in jackfruit explant

Ti: Selected basal medium

T2: Best medium from the 1st experiment
Ts: T2+ 1 mg/L BA

Ta: T2 + 2 mg/L BA

Ts: T- + 3 mg/L BA




4.2.2 Effect of different concentrations of growth regulator BA and Gibberelic

acid (GA3) with best medium from the 1st experiment, for shoot multiplication.

Table 3.1: Effect of growth regulators on shoot characters of in vitro culture of

jack (1% subculture)

Slno. | Treatments | No. of days to| No. of shoots/ | Shoot length | No. of leaves/
shoot emergence explant (cm) shoot

1 T 14.10% 1.77™ 1.13% 1.88"
2 T, 14.33% 1.99%° 1.27% 2.10™
3 Ts 12.10™ 2.03%° 1.31%° 2.55%
4 T, 10.22° 2.22° 1.55°% 3.10°
5 Ts 13.55%® 2.38% 1.08"¢ 2.88%
6 Te 14.10% 2.44° 1.47® 2.77°
7 T, 14.55%® 1.55% 1.00% 1.44°
8 Ts 14.88° 1.11° 0.90° 1.11°
SE(+m) 0.89 0.21 0.13 0.35
C.D. at5 % level 2.69 0.63 0.39 1.05

Note :

T1: MS medium + 1mg/L BA + 0.35 GA;
T, : MS medium + 1.5mg/L BA + 0.35 GA;
Tz: MS medium + 2mg/L BA + 0.35 GA;
T4: MS medium + 2.5mg/L BA + 0.35 GA;

Ts: MS medium + 3mg/L BA + 0.35 GA;
Te: MS medium + 3.5mg/L BA + 0.35 GA;
T7: MS medium + 4mg/L BA + 0.35 GA;3
Tg: MS medium + 4.5mg/L BA + 0.35 GA;
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Table 3.2: Effect of growth regulators on shoot characters of in vitro cultureof
jack (2" subculture)

Sl Treatments | No. of days to | No.of Shoot  length | No.of

No. shoot emergence shoot/explant (cm) leaves/shoot
1 T, 10.33%° 1.66™ 1.12° 2.33
2 T, 10.33%° 1.77% 1.16° 2.55
3 T, 9.10% 1.88%¢ 1.15° 2.67
4 T, 8.22¢ 2.11%® 1.69% 3.10
5 Ts 9.66™ 2.55°% 1.08" 2.88
6 Te 11.10% 2.10® 1.23° 2.77
7 T, 11.882 1.55" 1.07° 2.32
8 Te 12.10% 1.22° 0.90° 1.99
SE(+m) 0.63 0.22 0.14 0.39
C.D. at5 % level 1.091 0.69 0.42 N/A

Table 3.3: Effect of growth regulators on shoot characters of in vitro culture of

jack (3 subculture)

Sl. Treatments | No. of days to | No. of | Shoot length | No. of
No. shoot emergence | shoot/explant (cm) leaves/shoot
1 T 11.88% 1.77°¢ 1.09° 2.55%
2 T, 12.22% 1.77™ 1.25° 2.66%

3 Ts 10.66° 1.88>¢ 1.22° 2.66°
4 T, 8.51° 2.33% 1.74% 3.10°

5 Ts 11.44% 2.66 1.00° 3.03

6 Te 12.09% 2.20%° 1.33® 2.99%

7 T, 12.32% 1.65% 1.00° 2.22

8 Ts 12.44% 1.44° 0.96° 1.88°
SE(+m) 0.55 0.19 0.14 0.19
C.D.at5 % level 1.68 0.57 0.44 0.58
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Table 3.4: Effect of growth regulators on shoot characters of in vitro culture of
jack (4™ subculture)

Sl. Treatments | No. of days to | No. of | Shoot length | No. of
No. shoot emergence shoot/explant (cm) leaves/shoot
1 T, 12.10™ 1.77°% 1.52%® 2.55"

2 T, 11.88" 1.88"¢ 1.79° 2.66"

3 Ts 10.88% 1.99°¢ 1.52%® 2.77°

4 T, 10.22° 2.33% 1.94° 3.44°

5 Ts 11.21° 2.66° 1.49® 2.88%

6 Ts 12.66® 2.22%¢ 1.86° 2.77°

7 T, 13.22° 1.66% 1.10° 2.55

8 Te 13.55° 1.55° 1.06" 2.33°
SE(xm) 0.36 0.21 0.17 0.19
C.D. at5 % level 1.09 0.66 0.51 0.58

Table 3.5: Effect of growth regulators on shoot characters of in vitro culture of
jack (5™ subculture)

Sl. Treatments | No. of days to | No. of | Shoot length | No. of
No. shoot emergence | shoot/explant (cm) leaves/shoot
1 T, 10.77 1.99° 1.27™ 2.55"¢
2 T, 11.11% 2.10® 1.43%° 2.66™
3 Ts 9.77% 2.33% 1.41%° 2.88%°
4 T, 9.44° 2.77° 2.06 3.44°
5 Ts 9.99° 2.77° 1.12° 3.10%
6 Te 11.99% 2.44% 1.89% 2.98%
7 T, 12.33° 1.77° 1.17° 2.33%
8 Te 12.88° 1.77° 1.04° 2.00°
SE(+m) 0.40 0.22 0.22 0.19
C.D.at5 % level 1.21 0.68 0.68 0.58
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Table 3.6: Effect of growth regulators on shoot characters of in vitro culture of
jack (6™ subculture)

Sl Treatments | No. of days to | No. of | Shoot length | No. of
No. shoot emergence shoot/explant (cm) leaves/shoot
1 T, 11.99% 1.88™ 1.13° 2.66°

2 T, 11.44% 2.10° 1.17° 3.03™

3 T, 10.86™ 2.10° 1.14° 3.36™¢

4 T, 10.55° 2.22° 2.08° 3.84°

5 T: 10.99" 2.88% 1.12° 3.51%®

6 Ts 12.66° 2.21° 1.42° 3.44%¢

7 T, 12.778 1.88™ 0.97° 2.55%

8 Te 12.88° 1.44° 1.05 2.33°
SE(+m) 11.99 0.22 0.16 0.30
C.D. at5 % level 11.44 0.67 0.49 0.92

Table 3.7: Effect of growth regulators on shoot characters of in vitro culture of
jack (7" subculture)

Sl. Treatments | No. of days to | No. of | Shoot length | No. of
No. shoot emergence | shoot/explant (cm) leaves/shoot
1 T 11.44% 2.00% 1.12° 2.66"

2 T, 11.88™° 2.32%¢ 1.30° 2.88™

3 Ts 10.86% 2.55% 1.25° 3.00°™

4 T, 10.44° 2.88° 2.16° 433"

5 Ts 11.21° 3.10° 1.32° 3.66%

6 Te 11.66%° 2.66%° 1.38" 3.22%

7 T, 12.22% 1.99% 1.18° 2.44%

8 Ts 12.44% 1.88¢ 1.07° 2.10°
SE(+m) 0.40 0.25 0.14 0.32
C.D. at5 % level 1.21 0.78 0.44 0.99
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Table 3.8: Effect of growth regulators on shoot characters of in vitro culture of
jack (8" subculture)

Sl. Treatments | No. of days to | No. of | Shoot length | No. of
No. shoot emergence shoot/explant (cm) leaves/ shoot
1 T, 11.22" 2.21% 1.15™ 3.00™
2 T, 12.10% 2.33% 1.30% 3.21"
3 T, 10.88 2.55°0 1.27™ 3.33
4 T, 10.559 3.21® 2.26° 4.44°
5 Ts 10.99% 3.88° 1.10™ 3.88%
6 Te 11.66%° 3.00™ 1.55° 3.66%
7 T, 12.32% 1.88% 1.03° 2.99"
8 Ts 12.442 1.66° 1.07™ 2.55¢
SE(+m) 0.36 0.24 0.17 0.30
C.D.at5 % level 1.09 0.73 0.52 0.92

4.2.2.1 Number of days to shoot emergence

A close examination of the data presented in Table 3.1-3.8 revealed that treatment
T, took lesser days to shoot emergence followed by T3 in all the subcultures and Tg
took more number of days to shoot emergence followed by T;. All the treatments in
the first subculture took more number of days to shoot emergence compared to other
subcultures.
4.2.2.2 Number of shoot/explant

The effect of plant growth regulators on number of multiple shoot per explant are
presented in Table 3.1-3.8. Number of multiple shoots counted in each subculture. In
the first subculture Tg recorded maximum number of shoots followed by Ts and
T4.While remaining subcultures (second subculture to eighth subculture) Ts produced
more number of shoots per explant followed by T, and T¢ (Plate 5b). Tg produced least
number of shoots followed by T;. Number of shoots increased with treatment T, after
each subculture (2.38 to 3.88).
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4.2.2.3 Shoot length (cm)

It is evident from the data presented in table 3.1-3.8 that maximum shoot length
was observed in T, followed by T in all the subcultures. Minimum shoot length was
observed in Tg followed by T in all cases while in 6 and 8" subculture minimum
shoot length was observed in T followed by Tg.
4.2.2.4 Number of leaves/ shoot

Among the different treatment tried, number of leaves per explant showed
significantly different values. The maximum number of leaves were recorded in T4
followed by Ts in all the subcultures. Number of leaves produced per shoot increased
with each subculture. Initially T4 produced 2.88 leaves which increased to 4.44 leaves
in the eighth subculture. Tg produced lesser number of leaves which was followed by
T+. There was no significant difference between treatments in the second subculture.

4.3 Effect of different concentrations of growth regulators and its
combinations on rooting.
4.3.1 NAA and IBA

This experiment comprised of nine treatments. Half strength MS medium was
used as basal medium. Plant growth regulators like NAA and IBA alone and their
combination were used for rooting to find out the best medium for rooting.
4.3.1.1 Number of days to root emergence

The multiplied shoots were kept in rooting medium for 3-4 months and all
treatments failed to produce roots (Table 4.1).
4.3.1.2 Number of roots/ shoot

None of the treatments produced roots
4.3.1.3Root length (cm) / shoot

Observation was not made
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Plate 5b: Multiple shoots of in vitro cultured jackfruit

Ty
T,
Ts:
Ty:
Ts:
Te:
T7:
Tg:

MS medium + 1 mg/L BA + 0.35 mg/L GA;
MS medium + 1.5 mg/L BA + 0.35 mg/L GA;
MS medium + 2 mg/L BA + 0.35 mg/L GA3
MS medium + 2.5 mg/L BA + 0.35 mg/L GA;
MS medium + 3 mg/L BA + 0.35 mg/L GA3
MS medium + 3.5 mg/L BA + 0.35 mg/L GA3
MS medium + 4 mg/L BA + 0.35 mg/L GA3
MS medium + 4.5 mg/L BA + 0.35 mg/L GA3




4.3.1.4 Number of secondary roots

This observation was also not counted (Plate 6a).

Table 4.1: Effect of different concentrations of growth regulators and its

combinations on rooting.

Treatment s

No. of days to

root emergence

No. of root/shoot

Root length

(cm)/shoot

No. of secondary

roots

Ty

T2

Ts

T4

Ts

Te

T7

Tg

Te

Ti: % strength of selected basal medium

T2: Ti + 1 mg/L NAA
Ts: Ti + 3 mg/L NAA
Ta: T1 + 0.5 mg/L IBA
Ts: Ti + 1 mg/L IBA

Te: T1 + 1 mg/L NAA + 0.5 mg/L IBA
T7: Ti+ 1 mg/L NAA + 1 mg/L IBA
Ts: T1 + 3 mg/L NAA + 0.5 mg/L IBA
Ts: T1 + 3 mg/L NAA + 1 mg/L IBA

31




4.3.2 NAA, IBA, BA and GA;
Table 3(b): Effect of different concentrations of growth regulators and its

combinations on rooting.

Treatments No. of days to No. of root/shoot Root length No. of secondary

root emergence (cm)/shoot roots

Ty

T>

Ts

Ty

Ts

Te

Ty

Tg

Ti: MS + 2.5 mg/L BA + 0.35 mg/L GAz+ 1 mg/L NAA

T2: MS + 2.5 mg/L BA + 0.35 mg/L GAz+ 3 mg/L NAA

Ts: MS + 2.5 mg/L BA + 0.35 mg/L GA3+ 0.5 mg/L IBA

Ta: MS + 2.5 mg/L BA + 0.35 mg/L GAs + 1 mg/L IBA

Ts: MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 1 mg/L NAA + 0.5 mg/L IBA
Te: MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 1 mg/L NAA + 1 mg/L IBA
T2: MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 3 mg/L NAA + 0.5 mg/L IBA
Ts: MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 3 mg/L NAA + 1 mg/L IBA

All the treatments were kept for more than three months but none of the

treatments produced roots hence, observations were not made (Table 3b, Plate 6b).
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Plate 6a: Rooting stage of in vitro cultured jackfruit

Ti
T2
Ts
Ta
Ts

: Y2 strength of selected basal medium
: Ti+1 mg/L NAA

: Ti +3 mg/L NAA

: Ti + 0.5 mg/L IBA

: Ti+1 mg/L IBA

Te: T: + 1 mg/L NAA + 0.5 mg/L IBA
T7: Ti + 1 mg/L NAA + 1 mg/L IBA
Ts: T: + 3 mg/L NAA + 0.5 mg/L IBA
To: T: +3 mg/L NAA + 1 mg/L IBA




Plate 6b: Rooting stage of in vitro cultured jackfruit

T
Ta:
Ts:
Ta:
Ts:
Te:
Tz
Ts:

MS + 2.5 mg/L BA + 0.35 mg/L GAz;+ 1 mg/L NAA

MS + 2.5 mg/L BA + 0.35 mg/L GA3+ 3 mg/L NAA

MS + 2.5 mg/L BA +0.35 mg/L GA3+ 0.5 mg/L IBA

MS + 2.5 mg/L BA +0.35 mg/L GA; + 1 mg/L IBA

MS + 2.5 mg/L BA + 0.35 mg/L GA3z + 1 mg/L NAA + 0.5 mg/L IBA
MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 1 mg/L NAA + 1 mg/L IBA
MS + 2.5 mg/L BA +0.35 mg/L GA; + 3 mg/L NAA + 0.5 mg/L IBA
MS + 2.5 mg/L BA + 0.35 mg/L GA; + 3 mg/L NAA + 1 mg/L IBA




Discussion



5. DISCUSSION
Jack fruit is an important humid zone tropical fruit crop of the world, which is
valuable for its fruit and timber. Jack is propagated by seeds and vegetative parts.
Commercially it is propagated by grafting methods. However, these methods are not
much effective and requires more time to raise the seedlings (Hossain and Hag, 2006).
Micropropagation is one of the important tool for crop improvement through
rapid propagation. With this importance present study was undertaken to develop a
micropropagation protocol for jackfruit (Artocarpus heterophyllus Lam.). The results

obtained are discussed in this chapter

5.1 Effect of different media for the establishment of jackfruit
5.1.1 Growth parameters

Among the various media tried, MS medium fortified with 2 mg/L BA found to
be significantly best with regard to number of days to shoot emergence, number of
days to shoot multiplication and branching, shoot number per explant, shoot length
and number of leaves (Figure 1, 2, 3). MS medium surpassed other media, this might
be due to the higher concentration of nitrate, potassium and ammonium. And also in
this medium nitrogen is supplied as ammonium and nitrate ions. This mixture of
cation and anion balances the pH of the medium and also plays a significant role in
plant growth.

Pierik, 1987 suggested that nutrient level in MS media is higher than the optimal
plant growth, hence explant can absorb required amount of nutrients for their
establishment and shoot proliferation. In MS media nitrogen is the prime component
which influences plant growth and morphogenesis (Gamborg and Shyluk, 1970;
Bayley et al., 1972; Wetherell and Dougall, 1976; Cousson and Van, 1993).

Bs medium contains greater proportion of nitrate and potassium but lower
concentration of ammonia. While in WPM ionic strength of salts are lesser than MS
medium but sulphate is higher than the average. The amount of ammonium and nitrate
in culture media has effective role in induction and differentiation of plant cell culture
(Halperin and Wetherell, 1965; Wetherell and Dougall, 1976; Chaleff, 1983; Grimes
and Hodges, 1990; Cousson and Van, 1993). Source of nitrogen and their proportion
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in media will affect the production of endogenous cell metabolites, protein, hormones
etc. (Preece, 1995). MS medium contains higher amount of NH4;NO3; and KNOj; that
favours the establishment of shoot tip explant. This result was supported by Li and
Han (2003) who reported that, formation of adventitious buds in fruit tree is mainly
influenced by the ratio of NH4NO3; and KNOs.

pH influnces the availability and uptake of nutrients and plant growth regulators,
and also it affects the gelling efficiency of agar (Scholten and Pierik, 1998). Acidic pH
favours the uptake of negatively charged ions, when the pH is increased uptake of
positively charged ions occur. MS medium has slightly acidic pH of 5.68-5.69, when
compared to Bs and WPM media (5.75). pH might affect the uptake of ammonium and
nitrate reported by Shibli et al. (1999).

Roy and Hadiuzzaman (1991) explained that a combination of BA and NAA
favoured shoot proliferation up to 5.2+0.17 cm in A. heterophyllus. Azam and
Rahmatullah (2009) reported that in jack MS medium is good for establishment. They
also concluded that medium supplemented with 3.5mg/L BA showed higher
frequency of sprouting and adventitious bud proliferation.

Season also influenced the survival of explant. Explants collected during
December — January showed lowest microbial and fungal contamination. This might
be due to the occurance of new flushes during this time and lesser atmospheric
humidity. Shoot tip from mature tree has reduced the levels of fungal infection
because shoot tip is covered by a protective sheath. This shoot tip sheath is intact
during surface sterilization protecting the tip from harmful effect of mercuric chloride
and it could be removed at the time of inoculation. Surface sterilization of explant
with mercuric chloride minimized the fungal contamination. Shoot tip has less
endogenous microorganism because it does not have a properly developed vascular
system. Regenerative ability differed from cell to cell, tissue to tissue, organ to organ,
species to species and cultivar to cultivar.

Similar results were found in Citrus and Annona cherimola (Duran et al., 1989
and Jordan et al., 1991).

Lee and Keng (2005) found that shoot explant cultured on MS medium supplemented

with BA only resulted in more number of shoots/explant in jack. While
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Amany et al. (2007) reported that MS medium surpassed other nutrient medium
such as Bs and WPM with respect to average number of shoots/ explant in jack. They
also concluded that MS medium fortified with 3 mg/L BA and 0.1 mg NAA produced
the highest number of shoots, leaves/explant and shoot length and this result was little
bit different from present study this might be due to the genetic factors.

Jaiswal and Narayan (1985) demonstrated that maximum shoot number through
stem in MS containing 2 mg/l BA in jack. MS medium fortified with 1 mg/L BA and
0.5 mg/L kinetin produced 5-7 shoots from each explant with in four weeks (Roy et
al., 1990) in jack and in the present study the concentration of BA used was twice the
amount used by them. This might be due to the different cultivar used in the study and
also due to the age of the mother plant. In vitro propagation of Syzygium francisii
produced large number of in vitro plantlet (Shatnawi et al., 2004). They found that
among the different cytokinin tested MS medium supplemented with BA was superior
with respect to shoot length and number of new shoots per explant.

5.2 shoot multiplication

5.2.1 Effect of different concentrations of growth regulator BA with best
medium from the 1% experiment, for shoot multiplication

5.2.1.1 Plant growth parameters

Various growth parameters were recorded during shoot multiplication. Treatment
T3 (T2 + 1 mg/L BA) was found to be significantly superior treatment in terms of
number of days to shoot emergence, number of shoot/ explant and number of leaves/
shoot. The treatment T had highest shoot length. Treatment T, showed poor response
in all the growth characters.

The medium devoid of cytokinin gave least average number of shoots which
indicates strong apical dominance. Highest mean number of shoot obtained in this
study was in 3 mg/L BA (T + 1 mg/L BA). In jackfruit, Lee and Keng (2005)
observed 4.5 mg/L BA showed maximum number of shoot/ explant. The findings of
Adiga (1996) revealed that BAP at 2 mg/L showed better response in terms of shoot
multiplication, length of shoot, and number of leaves per explants. The difference
might be due to the different cultivars used in these studies which produce different

responses.
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5.2.2 Effect of different concentrations of growth regulator BA and Gibberelic
acid (GAs) with best medium from the 1st experiment, for shoot multiplication.
5.2.2.1 Plant growth parameters

While assessing the impact of treatments on number of days to shoot emergence,
it could be seen that the treatment T, was the best in terms of number of days to shoot
emergence in all the subcultures while Tg took more number of days to shoot
emergence which was followed by T5.

Te recorded more number of multiple shoots in first subculture while Ts had
maximum number of multiple shoots in the remaining subculture. After each
subculture number of shoots were increased. Highest shoot length and maximum
number of leaves were observed on T4 in all the subculture where as T; and Tg showed
poor response in all the growth parameters (figure 4, 5, 6). Darwesh et al. (2014) who
reported that control treatment (in the absence of plant growth regulator) significantly
produced shortest length of shoots in fig and MS medium with 5 mg/L BA and 1 mg/L
GA; recorded the highest shoot elongation in fig. Demiralay et al. (1998) reported that
cytokinin has significant role in culture medium for shoot induction and proliferation
in fig. This was more or less similar to the findings of Nobre et al. (1998); Kumarm et
al. (1998); Fraguas et al. (2004); Shahcheraghi and Shekafandeh (2016); Vieitez and
Vieitez, (1980); Park et al. (2008).

The major problem faced in the present study was exudation of phenolics in the
medium and this was minimized to a certain limit by means of frequent subculturing.
A study conducted by Co et al. (2009) they stated that in vitro culture of majority of
woody plants and herbaceous plants causes medium browning, when the browning
was maximum, the explant become black or brown in colour and finally it become
necrotic leading to death of the explant. Coérdik and Aki (2011) described that
browning was mainly due to phenolic exudation by the explant which was oxidized
and become phytotoxic hence a detailed investigation is required before inoculating
the explant on culture medium.

Elmore et al. (1990); Liu and Yang (2011) described that after wounding,

majority of hardwood species will form phenolic compounds and these phenolic
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substances converted to quinines as a result of oxidation which causes tissue
blackening and inhibit the in vitro plant responses like morphogenesis and the
phenolics could be reduced by keeping the explants in antioxidant solution containing
citric acid and ascorbic acid from the time of collection of explants to inoculation.
Roy et al. (1993) suggested that rainy season was the ideal time for collection of
explant at this time phenolic exudation was very low. Degree of browning depends on
tissue age, season of culture initiation, medium composition and also it varies from
species to species (Séenz et al., 2010).

Torresm, (2013) described that BA, synthetic cytokinin which has effective role
in shoot proliferation compared to other cytokinins. During tissue culture plant growth
regulator respond varyingly from species to species and also it depends on ability of
tissue and type of plant growth regulator used (Singh et al., 2016). Shatnawi et al.
(2019) reported that enhancement of shoot multiplication may be due to the
interaction between BA and IBA which induced shoot formation because of increased
meristematic activity.

Comlekcioglu et al. (2007) reported that culture medium containing 0.2 mg/L GA3
and 0.5 mg/L BA resulted highest in culture establishment in fig. Xiao et al. (2016)
proved positive effect of GA3z on shoot elongation and cell division in fig. Similar
results were obtained by Inthima et al. (2017). This was in agreement with Hesami et
al. (2018) who reported that increased shoot length was obtained in Ficus religiosa by
culturing the shoot tips on MS medium fortified with 0.5 mg/L GA3 and 0.5 mg/L BA.

Stuart and Street, (1971) suggested that GA3 at low concentration is essential for
culturing medium and it often produces the effects similar to those of auxin. From
Amin and Jaiswal, (1993); Islam et al. (1997); Amin et al. (2001); Rahman et al.
(2004); reported that cytokinin free medium gave least number of shoots because of
strong apical dominance. Production of axillary shoot favoured by BA and Kn. BA is
more effective than Kn in terms of multiple shoot production in Artocarpus
heterophllys, Ficus religiosa, Azadirachta indica, Ficus benghalensis. Eglal et al.
(2015) recorded highest shoot multiplication of jack in the medium supplemented with
2.0 mg/L BA and 0.5 mg/L Kn and they found that higher levels of BA (5.0 mg/L)
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reduced multiplication of shoots.

Axillary shoot proliferation were observed on MS medium containing BA this
might be due to the role of cytokinin in overcoming apical dominance in Ipomoea
(Cline et al., 1997). Cytokinin plays an important role in stimulating the cell division,
releasing the lateral bud dormancy, promoting adventitious bud formation and growth
of lateral buds and also it controls cell cycle (Melara and Arias, 2009). In pomegranate
MS medium fortified with 1 mg/L BA and 1 mg/L kinetin with 3 per cent sucrose
gave higher number of shoot and shoot length (Singh, 2014). Gayathri and
Sathyanarayana (2015) who reported MS medium supplemented with 2 mg/L BA
produced more number of shoots and leaves, highest shoot length in jack but in the
present study BA concentration ranges from 2.5-3 mg/L gave more number of
multiple shoot, more number of leaves and highest shoot length. This variation might
be due to the difference in genetic factor of the variety used in the present study. Miro
and Acedo (2015) were identified 3 mg/L BA, 0.5 mg/L GA3 and 0.1 mg/L IBA
resulted taller multiple shoots and had more number of nodes and leaves in jack.
Gogoi (2017) found that BA is an effective plant growth regulator for shoot
organogenesis while lower concentration requires longer period for bud break and
higher concentration leads to fleshy leaves and stem and micro shoots cultured on MS
medium containing GA3 1.5 mg/L showed optimum shoot elongation in Morus alba.
5.3 Effect of different concentrations of growth regulators and its combinations
on rooting.

No rooting was observed in all the treatments tried with various concentrations
and combinations of growth regulator. Success rate of micropropagation of woody
perennial is limited due to contamination, phenolic exudation, vitrification, low
induction of rooting and acclimatization etc. one of the reason for absence of rooting
in present study might be the formation of basal callus which was observed in in most
of the cultures. Callus affect the rooting competence of microplants as it interfere with
the physiological process by trapping the growth constituents like auxin and also act
as a physical barrier. Accumulation of inhibitory substance like phenolic compound in

the culture medium is a major problem in rooting (Vengadeshan et al.,
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2002). Nandwani et al. (2004) described that rooting is a difficult phenomenon in
micropropagation of tree species.

Amin (1992) found that 83% rooting efficiency in jackfruit when microshoots
cultured on MS medium with IBA and NAA at 2 mg/L each and 68% rooting with
IBA 2 mg/L. Half strength MS medium supplemented with IBA and IAA 1 mg/L each
produced 90% rooting in jackfruit (Islam et al., 1993). Roy and Roy (1996) reported
that synergistic effect of IBA and NAA found to be ideal for in vitro rooting in
Jackfruit. MS medium containing 1.0 mg/l of both IBA and NAA gave the highest
rooting percentage (80%), average number of roots/explant (4.3) and average root
length (4.0 cm) (Harb et al., 2015). An increasing concentration of IBA and NAA
increases the quantity of rooting while further increasing concentration to a higher
level decreases rooting in jackfruit (Kamal, 2018).
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Summary



6. SUMMARY

The present study entitled, “Development of micropropagation protocol for
jackfruit (Artocarpus heterophyllus Lam.)” was conducted during 2018-2020. The
salient observations of the study are summarized in this chapter.

Objective of the research was to establish a micropropagation protocol for
jackfruit (Artocarpus heterophyllus Lam.) using shoot tip explants. The main aim was
to know the best medium for culture establishment, best combination of plant growth
regulators for shoot multiplication and rooting of KJ 182 jack. The research was
conducted at tissue culture laboratory, Regional Agricultural Research Station,
Pilicode, Kasaragod. Three experiments were conducted which included effect of
different media for the establishment of jackfruit, effect of combination of plant
growth regulators like BA and GAgs, effect of different concentrations of growth
regulators and their combinations on rooting. The experiments were carried out with
completely randomized design with five treatments replicated with four times. In the
second experiment was with five treatments and four replications and also another
combination of growth regulators were tried for shoot multiplication with eight
treatments replicated thrice. Third experiment comprised of nine treatments and three
replications. Apart from these treatments another rooting experiment was carried out
with eight treatments replicated thrice. Experimental material used was shoot tip
explant of jack KJ 182 located at Chirapuram near Nileshwar.

The first experiment for culture establishment consisted of five treatments such as
T1: MS medium, T2: %> MS medium, T3: Modified MS medium (Concentration of
macro elements was made into half), T4: Woody plant medium, T5: Gamborge Bs
medium. 2 mg/L BA was added to each treatment.

In all the treatments tried only treatment T, had shown the best result with respect
to growth parameters (took minimum days to shoot emergence, multiplication and
branching). T, and Ts showed poor results for all the growth parameters compared
with other treatments.

Shoot multiplication study was conducted with five treatments. The best

treatment obtained from the first experiment was used for the shoot multiplication
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experiment. Treatments include Ti: Selected basal medium, T2: Best medium from the
Ist experiment, Ts: T2+ 1 mg/L BA, Ta: T2 +2 mg/L BA, Ts: T2 + 3 mg/L BA.

Treatment T3 had shown better result for all the parameters except in shoot
length. T, had highest shoot length and T; showed poor response for all the growth
characters.

Apart from the above treatments another shoot multiplication experiment was
carried out with eight treatments. The treatments used were T : Best medium from the
first experiment (MS medium) + 1 mg/L BA + 0.35 mg/L GA3, T, : MS medium + 1.5
mg/L BA + 0.35 mg/L GA3 T3: MS medium + 2 mg/L BA + 0.35 mg/L GA3 T4: MS
medium + 2.5 mg/L BA + 0.35 mg/L GA3, Ts: MS medium + 3 mg/L BA + 0.35 mg/L
GA3 Tg : MS medium + 3.5 mg/L BA + 0.35 mg/L GA3, T7: MS medium + 4 mg/L
BA + 0.35 mg/L GA3, Tg: MS medium + 4.5 mg/L BA + 0.35 mg/L GAs

Among the different treatments tried for shoot multiplication, it was clear that T,
took minimum days to shoot emergence which was followed by T3 in all the
subcultures. With respect to number of shoot/explant, Ts produced more number of
shoots per explant followed by T, and Tg while in the first subculture Tg recorded
maximum number of shoots. In the case of shoot length maximum length of shoot was
observed on T, followed by Tg in all the subcultures. T, recorded maximum number
of leaves followed by Ts in all the subcultures. After each subculture number of shoot,
shoot length and leaves were increased. Tg and T7 had shown poor response for all the
growth parameters.

The last experiment was on rooting. This experiment comprised of nine
treatments like Ti: % strength of selected basal medium, T2: T1 + 1 mg/L NAA, Ts: Ti
+3 mg/L NAA, Ta: Ti + 0.5 mg/L IBA, Ts: Ti + 1 mg/L IBA, Te: Ti + 1 mg/L NAA +
0.5 mg/L IBA, T7: Ti + 1 mg/L NAA + 1 mg/L IBA, Ts: T: + 3 mg/L NAA + 0.5
mg/L IBA, To: T: + 3 mg/L NAA + 1 mg/L IBA.

Multiplied shoots were cultured on rooting medium containing activated charcoal
for 4 months. But all the treatments failed to produce roots.

Another rooting experiment was done with eight treatments. Treatments were Ti:
MS + 2.5 mg/L BA + 0.35 mg/L GA3+ 1 mg/L NAA, T2: MS + 2.5 mg/L BA + 0.35
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mg/L GAs+ 3 mg/L NAA, Ts: MS + 2.5 mg/L BA + 0.35 mg/L GA3z+ 0.5 mg/L IBA,
Ta: MS + 2.5 mg/L BA + 0.35 mg/L GA; + 1 mg/L IBA, Ts: MS + 2.5 mg/L BA +
0.35 mg/L GAz + 1 mg/L NAA + 0.5 mg/L IBA, Te: MS + 2.5 mg/L BA + 0.35 mg/L
GA; + 1 mg/L NAA + 1 mg/L IBA, T-: MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 3
mg/L NAA + 0.5 mg/L IBA, Ts: MS + 2.5 mg/L BA + 0.35 mg/L GAz + 3 mg/L NAA
+ 1 mg/L IBA.

All the treatments were kept under dark for three months but none of the
treatments produced roots.

MS medium with 2 mg/L BA is best for culture establishment in jack. A
combination of 2.5-3 mg/L BA and 0.35 mg/L GAzin MS medium is required for the

successful shoot multiplication in jack.
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ABSTRACT

The present study entitled, “Development of micropropagation protocol for
jackfruit (Artocarpus heterophyllus Lam.)” was conducted at tissue culture laboratory,
Regional Agricultural Research Station, Pilicode, Kasaragod, during 2018-2020. All
the experiments were laid out in completely randomized design. The first experiment
was done with the objective to find out the best medium for culture establishment. The
treatment combinations include Ti: MS medium with 2 mg/L BA, T2: %2 MS medium
with 2 mg/L BA, Ts: Modified with 2 mg/L BA, Ts: Woody plant medium with 2
mg/L BA, Ts: Gamborge Bs medium with 2 mg/L BA replicated four times. The result
revealed that T, took minimum days for shoot emergence (13.16), shoot multiplication
& branching (15.83), produced maximum no. of shoots/ explant (1.83), Shoot length
(1.13cm) and no. of leaves/ shoot (1.66).

Second experiment was done with the objective to find out effect of growth
regulator for shoot multiplication with 5 treatments replicated four times. The
treatment combinations included T:: Selected basal medium, T2: Best medium from
the 1% experiment, Ts: T2 + 1 mg/L BA, Ta: T2 + 2 mg/L BA, Ts: T2 + 3 mg/L BA. The
study clearly indicated that Ts showed better response in multiplication in terms of
minimum days for shoot emergence (13), no. of shoots/ explant (1.99), no. of leaves/
shoot (1.66) and highest shoot length was noticed in T, (1.13). Another combination
of growth regulators were also tried for multiplication with 8 treatments replicated
thrice. The treatment combinations included T; : MS medium + 1mg/L BA +
0.35mg/L GA3 T, : MS medium + 1.5mg/L BA + 0.35mg/L GA3 T3: MS medium +
2mg/L BA + 0.35mg/L GA3, T4 : MS medium + 2.5mg/L BA + 0.35 mg/L GA3, Ts:
MS medium + 3mg/L BA + 0.35mg/L GA3; Ts : MS medium + 3.5mg/L BA +
0.35mg/L GAs, T7: MS medium + 4mg/L BA + 0.35mg/L GA3; Tg: MS medium +
4.5mg/L BA + 0.35mg/L GA3;. Results shows that MS medium + 2.5mg/L BA + 0.35
mg/L GA3 found to be superior in terms of minimum days for shoot emergence (8.22
days), highest shoot length(2.26 cm), no. of leaves/ explant (4.44) and MS medium +
3mg/L BA + 0.35mg/L GA3 produced maximum no. of shoots/ explant (3.88).
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Third experiment was conducted with the objective to find out best growth
regulator for rooting with nine treatments replicated thrice. Treatment combinations
included T:: % strength of selected basal medium, T2: T: + 1 mg/L NAA, Ts: T: + 3 mg/L
NAA, Ta: Ti + 0.5 mg/L IBA, Ts: Ti + 1 mg/L IBA, Te: T1 + 1 mg/L NAA + 0.5 mg/L
IBA, T7: T: + 1 mg/L NAA + 1 mg/L IBA, Ts: T + 3 mg/L NAA + 0.5 mg/L IBA, To:
T, + 3 mg/L NAA + 1 mg/L IBA. 0.4 g/L of activated charcoal was added to each
treatment. None of the treatments produced roots. Another combination of growth
regulators were also tried for rooting with eight treatments replicated thrice. The
treatment combinations include Ti: MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 1 mg/L
NAA, T2: MS + 2.5 mg/L BA + 0.35 mg/L GA3 + 3 mg/L NAA, Ts: MS + 2.5 mg/L
BA + 0.35 mg/L GA3+ 0.5 mg/L IBA, Ta: MS + 2.5 mg/L BA + 0.35 mg/L GA3z + 1
mg/L IBA, Ts: MS + 2.5 mg/L BA + 0.35 mg/L GAs + 1 mg/L NAA + 0.5 mg/L IBA,
Ts: MS + 2.5 mg/L BA + 0.35 mg/L GAz + 1 mg/L NAA + 1 mg/L IBA, T»: MS + 2.5
mg/L BA + 0.35 mg/L GA; + 3 mg/L NAA + 0.5 mg/L IBA, Ts: MS + 2.5 mg/L BA
+ 0.35 mg/L GA3; + 3 mg/L NAA + 1 mg/L IBA. Rooting was not observed in all the
treatment.

It can be concluded that among the basal medium, MS medium fortified with 2
mg/L BA is good for culture establishment. MS medium fortified with 2.5-3 mg/L BA
along with 0.35 mg/L GA; can be used for shoot multiplication. Rooting was not
observed because of basal callus formation and phenolic exudation.
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ModH lao

al1eNEHNIS (A10GRUTE BHIBaH]d NBNUAHEM  BH(MBOM 6L
SlaHy) HU32@ LIGNIINSO WM 2018 -20 HILIQSBNITE  oJonileel
OEIWIT8  0)6)DB(EIN(IIIBNHME  MSOONGH@IMBIW].  ailnal)0o
BTV@ 29H6) (K 182) af)(M aloniln@m1eel @ 1@ @ryen) alomM@ 1Mo
9alCWIN 2. oS UMD MBS A ldha] MOWIM0, oS NilERMo
02QIMO MBS A ldhal MOWIAo, GAUG QUMD MBS MWDo
HOEBOMND  af)M QU LlHHIANIS6NT alOMo MSOD QM. oG
QM@ IMIQT (AlWIMAIWo 5 MIWIA0 @Y DalGIUN2®). (af)o
)V MOWIM0, aNdal af)o af)M AWM, GRIWINEANMW af)o af)y
Mo Mo, 6nils MOWIM0) af)2l0 MIWIADD IMEID BIOS@Io 2 ppm 6N1 af)
3)S|  Bal@HNHWIMBIW]. D(aldhddo HUB2@ 6alP@1@d miamo
DMMVIRIE6IN8 HF 1A af)o af)MV AIWIAOD MO0 IS 2 ppm 6N
af) YB9SYOOD) A2 1 Q@3 ) QRN 1O a2l af)(M@IEN).
a0)o af)M) AIWIAGD @3 O @@ 1508 af)RGRMBNVIMY GOUME )0 (13
16 Glaumuo)  allezmom Mmoo (1583 GlUMo) &y02y)
GlUV@IEEMSYOD), BHSIOD DY ABQOUI0 BHSYONTS AHISIHE0 (1 .83 )
aM)S MI8OY0 ,LIBHEI0 GREUESIOT .

BMINDOD  al@ UMM @M 1Mo A ldha MWDo @YW
®00TMSY}HNNLS af)o ) QoUW DAI6N) SO0
Ne2mMOm 1MIW ] 9alCIN 2@ . D@3 1,1.5,2,2.5,3,3.5,4,4.5mg/L BA
@Yo, MSIOM® 035 mg/L  GA;  af)M GaNIM@BMIEMI0 alOMDI (@3
OU36SIOM] . a@QNo HIN2 FlAUMo oM UMM Mo (8 .2 2
1o ), M180 BNS 1 oS (2 .2 6 cm), BISIONTB DRIDHUT/ aHS o) 1
QM@ IMI0 2.5 mg/L GA; 988 af)o af)M AIWIAAIEN OO0
EHEIMROTEHQYEMRIW]. H)SIOM aBQNI}0 HSIOT aH)S  ODaldBMo
MSMM@® 3 mg/L BA, 0.35 mg/L GA; 988  MIWIAOM T3 @YEEMMMYo
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QMM RI066008 B¢ 16101 .

GO UMD IMIW] a0Ia0 af)o af)MV MIWIA0 DI (BRI
MQ((M6Mo), HD MBI HIOS NAA (1, 3 mg/L), BA (0.5, 1 mg/L) af)ON U0
0alGQIN2)). a)(MITE &) MOWIAOMIeNo GO  UMDOW]
Ho6eMealglal .
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Annexure 1

Table 1: MS medium composition and stock preparation

Ingredients Quantity | Concentration | Quantity | Volume | Vol. req.
mg/ L of stock required | of stock | for 1L
o/ L media
Macro NH; NO3 1650 16.5
elements
KNO; 1900 19
Stock A
MgS0,.7H,0 370 10 X 3.7 500 ml 100 ml
KH, PO, 170 1.7
CaCl2. 2H20 440 4.4
Micro Kl 0.83 0.083
elements
H3BO; 6.20 0.62
Stock B
MnSQ,. 4H,0 22.3 2.23
ZnS0,. 4H,0 8.6 0.860
Na,MoO, 0.25 100 X 0.025 500 ml 10 ml
.2H,0
CuS0O,. 5H,0 0.025 0.0025
CoCI2. 6H20 0.025 0.0025
Iron FeSO,. 7H,0 27.85 100 X 2.785 500 ml 10 ml
source
Na, - EDTA 37.25 3.725
Stock C
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Vitamins | Thiamine HCI | 0.1 0.01 100 ml
Stock D Niacin 0.5 100 x 0.05 10 ml

Glycin 2.0 0.2

Pyridoxine HCI | 0.5 0.05
Myoinositol 100

Carbon Sucrose 30g/L
source

Agar 6g/L
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Table 2: Half MS medium composition and stock preparation

Ingredients Quantity | Concentration | Quantity | Volume | Vol. req.
mg/ L of stock required | of stock | for 1L
o/ L media
Macro NH; NO; 1650 16.5
elements
KNO; 1900 19
Stock A
MgSQO,.7H,0 370 10 X 3.7 500 ml 50 ml
KH, PO, 170 1.7
CaCl,. 2H,0 440 4.4
Micro Kl 0.83 0.083
elements
H3BO; 6.20 0.62
Stock B
MnSQ,. 4H,0 22.3 2.23
ZnS0,. 4H,0 8.6 0.860
Na,MoO, 0.25 100 X 0.025 500ml | 5ml
.2H,0
CuSQ,. 5H,0 0.025 0.0025
CoCI2. 6H20 0.025 0.0025
Iron FeSO,. 7H,0 27.85 100 X 2.785 500 ml 5ml
source
Na, - EDTA 37.25 3.725
Stock C
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Vitamins | Thiamine HCI | 0.1 0.01
Stock D Niacin 0.5 100 x 0.05 100 ml 5ml

Glycin 2.0 0.2

Pyridoxine HCI | 0.5 0.05
Myoinositol 50

Carbon Sucrose 15¢/L
source

Agar 3g/L
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Table 3: Modified MS medium composition and stock preparation

Ingredients Quantity | Concentration | Quantity | Volume | Vol. req.
mg/ L of stock requiredg | of stock | for 1L
/L media
Macro NH; NO; 1650 16.5
elements
KNO; 1900 19
Stock A
MgSQO,.7H,0 370 10 X 3.7 500 ml 50 ml
KH, PO, 170 1.7
CaCl2. 2H20 440 4.4
Micro Kl 0.83 0.083
elements
H3BO; 6.20 0.62
Stock B
MnSQ,. 4H,0 22.3 2.23
ZnS0,. 4H,0 8.6 0.860
Na,MoO, 0.25 100 X 0.025 500 ml 10 ml
.2H,0
CuSQ,. 5H,0 0.025 0.0025
CoCI2. 6H20 0.025 0.0025
Iron FeSO,. 7H,0 27.85 100 X 2.785 500 ml 10 ml
source
Na, - EDTA 37.25 3.725
Stock C
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Vitamins | Thiamine HCI | 0.1 0.01
Stock D Niacin 0.5 100 x 0.05 100 ml 10 ml

Glycin 2.0 0.2

Pyridoxine HCI | 0.5 0.05
Myoinositol 100

Carbon Sucrose 30g/L
source

Agar 6g/L
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Table 4: Woody plant medium composition and stock preparation

Ingredients Quantity | Concentration | Quantity | Volume | Vol. req.
mg/ L of stock requiredg | of stock | for 1L
/L media
Macro NH; NO3 400 4
elements
CaCl,. 2H,0 725 0.725
Stock A
CaNOs.H,0 386.34 10 X 3.86 500 ml 100 ml
MgSQO,.7H,0 180.69 1.80
KH, PO, 170 17
K,SO, 990 9.9
Micro H3BO; 6.20 0.62
elements
CuS0O,. 5H,0 0.025 0.0025
Stock B
MnSQO,.H,0 22.3 100 X 2.2
ZnS0,. 7TH,0 8.6 0.86
|
Na,MoO, 0.213 00213 | 200m
.2H,0
Iron Na, - EDTA 37.300 100 X 3.73 500 ml 10ml
source
FeSO,. 7H,0 27.500 2.75
Stock C
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Vitamins | Thiamine HCI |1 0.1
Stock D Nicotinic acid | 0.5 100 x 0.05 100 ml 10 ml

Glycin 2.0 0.2

Pyridoxine HCI | 0.5 0.05
Myoinositol 100

Carbon Sucrose 30g/L
source

Agar 6g/L
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Table 5: B5 medium composition and stock preparation

Ingredients Quantity | Concentration | Quantity | Volume | Vol. req.
mg/ L of stock requiredg | of stock | for 1L
/L media
Macro NH,; SO, 134 1.34
elements
KNO; 2500 25
Stock A
MgSQO,.7H,0 122.09 10 X 11.22 500 ml 100 ml
Na; PO, 130.42 1.30
CaCl2. 2H20 113.230 1.13
Micro H;BO, 3 0.3
elements
CoCI2. 6H20 0.025 0.0025
Stock B
MnSQ,. 4H,0 10 1
ZnS0O,. 6H,0 2 0.2
Na,MoO, 0.213 100 X 0.0213 500ml | 10 ml
.2H,0
CuSQ,. 5H,0 0.025 0.0025
Kl 0.750 0.075
Iron FeSO,. 7H,0 27.85 100 X 2.785 500 ml 10 ml
source
Na, - EDTA 37.25 3.725
Stock C
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1 100 ml 10 ml
Vitamins | iamine HCl 10
Stock D 100 X 01
Pyridoxin HCI 1
0.1
Nicotinic acid 1
Myoinositol 100
Carbon
source Sucrose 30g/L
Agar 6g/L
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